The N,N-dimethylformamide (DMF) solvates of terephthalic acid, H 2 TAÁ2DMF (C 8 H 6 O 6 Á2C 3 H 7 NO), pyromellitic acid, H 4 PMAÁ4DMF (C 10 H 6 O 8 Á4C 3 H 7 NO), and hemimellitic acid, H 3 HMAÁ2DMFÁH 2 O (C 9 H 6 O 6 Á2C 3 H 7 NOÁH 2 O), are reported. The DMF solvate of terephthalic acid is centrosymmetric, containing one complete formula unit in the asymmetric unit. Both carboxylic acid groups hydrogen bond to a DMF molecule via an R 2 2 (7) OÐHÁ Á ÁO/CÐHÁ Á ÁO motif. Discrete H 2 TAÁ2DMF units are observed. The DMF solvate of pyromellitic acid is centrosymmetric and the asymmetric unit contains half a formula unit. One of the unique carboxylic acid groups forms an R 2 2 (7) motif with a DMF molecule, while the other forms a linear OÐHÁ Á ÁO hydrogen bond to the second unique DMF molecule. Discrete H 4 PMAÁ4DMF units are observed. The DMF solvate of hemimellitic acid is noncentrosymmetric and includes a molecule of water per formula unit. Both DMF molecules form an R 2 2 (7) motif with the two outer carboxylic acid groups of HMA. A one-dimensional ladder structure is formed via hydrogen bonding between the central carboxylic acid group and the water molecules. The carboxylic acid R 2 2 (8) head-to-tail motif is not observed in any of these examples. The inclusion of DMF thereby has the effect of limiting the dimensionality of the structures.
Comment
A wide variety of solvents are available to the chemist for the dissolution and recrystallization of compounds. In the case of benzenepolycarboxylic acids, those solvents of most interest in the synthesis of solvent-inclusion clathrates must be capable of hydrogen bonding, containing donor and/or acceptor atoms. A recent study (Nangia & Desiraju, 1999) , with corrections applied for the different usages of solvents in recrystallization, has found that the greater the number of donor and acceptor sites on the solvent molecule, the more likely the solvent is to be included in organic crystals. Solvents such as N,N-dimethylformamide (DMF), dimethyl sulfoxide and dioxane, while having low usage as recrystallization solvents, have an extremely high probability of inclusion through their ability to bond to the solute molecule via`multi-point recognition' using both strong and weak hydrogen bonds.
Numerous examples of benzenepolycarboxylic acid solventinclusion compounds exist in the literature (for example, Dale & Elsegood, 2003b; Chatterjee et al., 2000; Herbstein & Kapon, 1978; Herbstein et al., 1978 ) and yet only one literature example of a single-crystal X-ray structure shows the solvation of a benzenepolycarboxylic acid by DMF, that of benzene-1,3,5-tricarboxylic acid (trimesic acid) N,N-dimethylformamide disolvate (H 3 TMAÁ2DMF; Dale & Elsegood, 2003b) . In the presence of DMF, the formation of the common R 2 2 (8) head-to-tail carboxylic acid±acid graph-set motif (Leiserowitz, 1976; Etter, 1990; Etter & MacDonald, 1990; Bernstein et al., 1995) is prevented in this structure. Instead, two of the three carboxylic acid groups interact directly with DMF molecules in an R 2 2 (7) graph-set pattern, with a combination of strong OÐHÁ Á ÁO and weaker CÐHÁ Á ÁO hydrogen bonds (Desiraju & Steiner, 1999) , while the third carboxyl group interacts with one of these carboxyl±DMF synthons.
We investigate here the hydrogen-bonding arrays created by the co-crystallization of DMF with benzene-1,4-dicarboxylic acid (terephthalic acid, H 2 TA), benzene-1,2,4,5-tetracarboxylic acid (pyromellitic acid, H 4 PMA) and benzene-1,2,3-tricarboxylic acid (hemimellitic acid, H 3 HMA). H 2 TA dissolves easily in DMF, one of very few examples of organic solvents capable of dissolving this acid. X-Ray analysis of colourless crystals grown from the DMF solution at approximately 258 K showed that H 2 TA co-crystallizes with two molecules of DMF, producing H 2 TAÁ2DMF, (I). Because of the instability of this compound under ambient conditions, the collation of supporting evidence, such as microanalysis and IR spectra, has proven impossible. The H 2 TA molecule in (I) does not possess an inversion centre because of rotational disorder [82.8 (4):17.2 (4)%] in the carboxyl group attached to atom C1 and complementary rotational disorder in the aldehyde group of the DMF molecule hydrogen bonded to this carboxyl group. The asymmetric unit therefore comprises one complete formula unit (Fig. 1 ). The geometry of the H 2 TA molecule (Table 1) shows good agreement with that found previously (Bailey & Brown, 1967) . The H 2 TA molecule is roughly planar, with the carboxyl groups only deviating slightly from coplanarity with the aromatic ring [the dihedral angles between the C1±C6 ring and the C7/O1/O2 and C8/O3/O4 planes are 0.7 (3) and 2.2 (3)
, respectively]. Both unique DMF molecules hydrogen bond to their respective carboxyl groups utilizing the same R 2 2 (7) synthon observed in H 3 TMAÁ2DMF (Dale & Elsegood, 2003b) , with one strong OÐHÁ Á ÁO hydrogen bond and one complementary, weaker, CÐHÁ Á ÁO hydrogen bond (Table 2) . Larger dihedral angles occur between the carboxyl groups and the aldehyde groups of their associated DMF molecules within the R 2 2 (7) motifs [the dihedral angle between C7/O1/O2 and C9/ O5/H9 is 16.4 (3) , and that between C8/O3/O4 and C12/O6/ H12 is 17.3 (3) ]. No further strong hydrogen bonding exists outside the asymmetric unit.
H 4 PMA co-crystallizes with four molecules of DMF, yielding H 4 PMAÁ4DMF, (II), which forms readily at room temperature and shows reasonable stability under ambient conditions, in contrast to (I). The H 4 PMA molecule lies on a crystallographic centre of symmetry, resulting in the asymmetric unit comprising half of a formula unit (Fig. 2 ). The geometry of the H 4 PMA molecule ( Table 3 ) concurs with that determined previously (Dale & Elsegood, 2003c) .
As expected, steric repulsions force the rotation of adjacent carboxyl groups away from the plane of the aromatic ring [the dihedral angles between the C1±C3 i ring and the C4/O1/O2 and C5/O3/O4 planes are 53.75 (12) and 38.85 (13) , respectively; symmetry code: (i) Àx, 2 À y, Àz].
The two independent DMF molecules in (II) have differing binding modes to the carboxyl groups: while one adopts the OÐHÁ Á ÁO/CÐHÁ Á ÁO R 2 2 (7) arrangement seen in both (I) and H 3 TMAÁ2DMF (Dale & Elsegood, 2003b) , the second interacts via a simple linear OÐHÁ Á ÁO hydrogen bond utilizing the OH group of the second unique carboxyl group (Table 4) . The R 2 2 (7) motif in this structure contains a shorter, and therefore stronger, CÐHÁ Á ÁO interaction than the same motif in (I). As with (I), no further strong hydrogen-bonding interactions occur outside the asymmetric unit of (II). The co-crystallization of commercially available H 3 HMAÁ2H 2 O with DMF yields colourless crystals of H 3 HMAÁ2DMFÁH 2 O, (III) ( Table  5 and Fig. 3 ). Compound (III) was observed to desolvate over a period of a few minutes under ambient conditions, suf®cient time to allow IR spectroscopic and microanalyses to be carried out. The asymmetric unit of (III) contains a whole formula unit, in which the outer carboxyl groups of the H 3 HMA molecule, at atoms C1 and C3, both hydrogen bond, via the R 2 2 (7) synthon, to different DMF molecules, creating H 3 HMAÁ2DMF units (Table 6 ). These secondary building blocks are linked into a one-dimensional ladder structure (Fig. 4) by hydrogen bonding involving the molecule of water included in the asymmetric unit.
The inner carboxyl group at atom C2 lies almost perpendicular to the plane of the aromatic ring [the dihedral angle between the C1±C6 ring and the C8/O3/O4 plane is A view of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level, H atoms are represented by circles of arbitrary radius and hydrogen bonds are shown as dashed lines.
Figure 3
A view of (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level, H atoms are represented by circles of arbitrary radius and hydrogen bonds are shown as dashed lines. 81.54 (10) ], as observed in the dihydrate of H 3 HMA (ForniesMarquina et al., 1972; Takusagawa & Shimada, 1973; Mo & Adman, 1975) and in its 2-methyl ester (Dale & Elsegood, 2003a) . This carboxyl group, aided by its anti-planar conformation (Leiserowitz, 1976) Csoregh et al., 1986) , in which two DMF binding modes are present, viz. one R 2 2 (7) motif and one simple linear OÐHÁ Á ÁO motif, just as observed in the structure of (II). The OÁ Á ÁO contact distances within these motifs are 2.692 and 2.888 A Ê , respectively, considerably longer than those observed in (II) [2.5723 (12) and 2.5508 (13) A Ê , respectively], presumably because of the increased steric bulk of the solute molecule. While the CO 2 H/DMF R 2 2 (7) synthon has relatively few examples in the CSD compared with the analogous, well studied, carboxylic acid±pyridine R 2 2 (7) synthon (Vishweshwar et al., 2002) , the majority (15) of the 21 CSD structures containing the CO 2 H±formyl group R 2 2 (7) synthon [search constraints as above; mean OÁ Á ÁO = 2.599 (10) A Ê and mean CÁ Á ÁO = 3.28 (2) A Ê ] do involve DMF, indicating the more general carboxylic acid±formyl group as a supramolecular synthon worthy of future study.
The three examples of DMF clathrates presented here show that the presence of DMF as the co-crystallization solvent can limit the dimensionality of the resulting solid-state structure, compared with that of the parent benzenepolycarboxylic acid and its other solvent-inclusion clathrates. This limitation is due to the binding of the DMF molecules to the often extensively hydrogen-bonded carboxyl groups via the R 2 2 (7) synthon. While the inclusion of water molecules in (III) helps produce a more extended structure, the dimensionality of the co-crystal will, of course, also depend on the nature of the solute molecule. Comparisons with the two-dimensional structure of H 3 TMAÁ2DMF imply that both the number and relative positions of the carboxyl groups in the benzenepolycarboxylic acid molecules can lead to a range of hydrogen-bonded supramolecular structures with various dimensionalities.
Experimental
X-Ray quality colourless crystals of (I) were obtained by diffusing Et 2 O into a solution of terephthalic acid in DMF and then placing the resulting solution in a freezer ($258 K) overnight. The crystalline sample proved unstable under ambient conditions and hence no further data are available. X-Ray quality colourless crystals of (II) were obtained by the slow evaporation of a DMF solution of pyromellitic acid at room temperature (m.p. 312±322 K). Analysis calcu- The one-dimensional ladder structure of (III), maintained by hydrogen bonds (shown as dashed lines). H atoms not involved in hydrogen bonding have been omitted for clarity.
Compound (I)
Crystal data 
Data collection
Bruker SMART 1000 CCD diffractometer 3 scans 12 434 measured re¯ections 3577 independent re¯ections 2318 re¯ections with I > 2'(I ) 
Compound (II)
Crystal data Hydrogen-bonding geometry (A Ê , ) for (I). Table 4 Hydrogen-bonding geometry (A Ê , ) for (II). In (I)±(III), aromatic/aldehyde (CÐH = 0.95 A Ê ) and methyl (CÐ H = 0.98 A Ê ) H atoms were positioned geometrically and treated using a riding model, while the coordinates of O-bound H atoms were re®ned freely in (II) and (III). The U iso (H) values were set at 1.2U eq (C) for aromatic and aldehyde H atoms, and at 1.5U eq (C,O) for methyl and O-bound H atoms. Geometric restraints were applied to the disordered aldehyde group and the hydroxy bond lengths in (I). Friedel pairs (1811) were merged in the re®nement of (III) as a consequence of the use of Mo K X-ray radiation, and hence the absolute structure was not determined.
For all compounds, data collection: SMART (Bruker, 2001 ); cell re®nement: SAINT (Bruker, 2001 ); data reduction: SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2000); program(s) used to re®ne structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and local programs.
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Table 6
Hydrogen-bonding geometry (A Ê , ) for (III). 
Computing details
For all compounds, data collection: SMART (Bruker, 2001 ); cell refinement: SAINT (Bruker, 2001 ); data reduction:
SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2000) ; program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and local programs. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

